Materials and Methods
with water to pH 6-7 and drying.) To maintain a suitable speed of filtration, the column effluents were aspirated into 500-ml suction flasks. After applying brief suction, a clamp was applied to the rubber tube connecting the flask to the pump, to maintain the suction. Thus, with a single water-suction pump, five or more columns can be handled simultaneously, care being taken to always keep a layer of liquid above the top of the Celite/Florisil in the column. Total time required to prepare such a series of columns and to fractionate 3 to 5 urines is about 30 to 60 mm.
Urine preparation:
We used two methods.
(a) Freshly passed urine was added to NaHCO3 to yield a 
Separation of uro-and copro-type porphyrins:
The procedure used is shown diagrammatically in Figure 1 . Additional separation of protoporphyrin and other two-carboxyl porphyrins is also shown. Progress of the successive steps may be followed by observing the fluorescing bands that appear on brief exposure to near-ultraviolet light (405 nm, Hg lamp). After addition of the acidified urine, the column is washed successively with 10 to 20 ml of 1.5 mol/liter HC1, about 50 ml of 30 mmol/liter HC1, and then with a 3/27/10 mixture (by vol) of glacial acetic acid/H2O/ "95%" ethanol.
The last wash removes considerable yellow pigment and green-fluorescing material. The column is then washed with 50 to 75 ml of water to remove the alcohol and acetic acid. Uroporphyrin and nonporphyrin pigments are removed with 10 to 20 ml of NH4OH (10 If further fractionation was desired, the main portion of each porphyrin eluate was frozen and lyophilized. The residues were dissolved in several drops of NH4OH (10 g/liter)/ethanol (1/2), filtered through a small medium-porosity fritted-glass filter, and applied as a 1-to 2-cm streak on a thin-layer chromatographic plate. Silica gel plates, useful especially for separation of coproporphyrin isomers (7, 8) The Florisil was kept in water at room temperature from the time of the HCI wash to preparation of the columns. Two different batches of Florisil were compared for each porphyrin, with all elutlon steps as shown In Figure 1 .
a Uroporphyrin is discarded in the residual urine and sodium acetate washes in the 5-ml method (5) . Total porphyrin concentration is determined in the dWect dilution method (1).
on Florisil, either within 1-2 h (with chloranil added), or after two days (with NaHCO3 added). In addition, analyses were done with the "5-mi" method within 1-2 h. The latter analyses were made in two ways: (a) with addition of 12 to the ethyl acetate extract to oxidize porphyrinogen to porphyrin, and (b) without addition of 12, to estimate preformed porphyrin only (5, 10) . The 4th and 5th subjects in Table 2 were nonporphyric patients. Their urines and samples 6 and 7, from a patient with cutanea tarda porphyria, had been frozen for some time. We used chloranil rather than 12 in the "5-mi" analysis of sample 7, recognizing, however, that most of the porphyrinogen had already been oxidized.
As Table 2 As noted in Table 4 If desired, the uro-and coproporphyrin eluates may be pooled for combined thin-layer chromatographic analysis.
Discussion
Though technical details are given here for 25 ml of urine, the method described lends itself readily to fractionation of porphyrin from much larger samples.
In the case of large initial volumes (500 ml or more), it is helpful to lyophilize samples to about 0.1 their volume before they are acidified and applied to the column. Many workers preliminarily purify and concentrate urinary porphyrins by adsorption on talc (11, 12) . This is especially useful if the porphyrms are eluted from the talc with methanol/sulfuric acid (20/1) for esterification and subsequent fractionation by thin-layer chroma-tography. We have not been able to achieve satisfactorily quantitative extraction of free porphyrins from talc. The comparative results obtained by this method and by that described by Schlenker emphasize again the enormous potential for error that is inherent in quantitative assays of impure materials based on spectrophotometric rather than on fluorometric methods.
